Objective: To determine the risk of fractures after stroke.
Stroke is a leading cause of adult disability, and up to two-thirds of stroke survivors have limitations in mobility. 1 Stroke may also be associated with declines in bone mineral density and an increased risk of falls, both factors that can predispose to subsequent low-trauma (fragility) fractures. [2] [3] [4] [5] [6] [7] [8] [9] [10] Previous studies have suggested an up to 4-fold increase in the risk of fractures in those with stroke compared to healthy controls. [7] [8] [9] [10] [11] [12] [13] However, it is not known how much of this fracture risk is due to the stroke itself rather than differences in other baseline factors such as age and comorbidity. A better understanding of both the fracture risk attributable to stroke and the specific factors associated with such fractures would allow for improved screening, prevention, and treatment of osteoporosis and fractures following stroke.
We used data from a clinical stroke registry in Ontario, Canada, linked with administrative data, to evaluate the risk of fractures in patients with acute stroke compared to those with TIA. In order to focus on the contribution of stroke (rather than baseline comorbid conditions) to fracture risk, we selected patients with TIA as our reference population, as they are anticipated to be similar to those with stroke except for the presence of residual neurologic impairment, the major purported mechanism behind the increased risk of fractures following stroke. In secondary analyses, we compared the risk of fractures in patients with stroke to ageand sex-matched controls without stroke or TIA.
METHODS Setting. The province of Ontario, Canada, has a population of over 12 million people, more than 150 acute care hospitals, an organized system of regional stroke care, 14 and universal health coverage for hospital care, physicians' services, diagnostic tests, and (for those aged over 65 years) medications covered by the provincial drug formulary.
Data sources and study sample. The Ontario Stroke Registry (formerly known as the Registry of the Canadian Stroke Network) collects clinical information on a population-based sample of patients with stroke or TIA seen at all acute care institutions in the province. 15 Validation by duplicate chart abstraction has shown excellent agreement for key variables including stroke type, severity, and comorbid conditions. 15 The diagnosis of stroke or TIA is verified by study personnel through review of physician and nursing notes and results of investigations. Stroke severity at the time of initial assessment is determined using the Canadian Neurological Scale score, where higher scores indicate a less severe stroke. 16 The registry also includes information on specific neurologic deficits, functional status after stroke, and vascular comorbid conditions. We used the Ontario Stroke Registry to identify a cohort of patients with acute stroke or TIA seen in the emergency department or admitted to any of 11 stroke centers between July 1, 2003, and March 31, 2012, and discharged alive. For patients with more than one stroke/TIA event during the study time frame, only the first event was included. We excluded those with subarachnoid hemorrhage and, from the TIA cohort, those with preexisting hemiparesis.
The registry is housed at the Institute for Clinical Evaluative Sciences (ICES), where it is linked to population-based administrative databases using unique, encoded patient identifiers. We used the Ontario Registered Persons Database, which contains demographic information on all provincial residents, to identify an age-/sex-matched control for each patient in our stroke cohort, to whom we then assigned the same index date as the person with stroke. These controls were selected from the general population, and were not matched on any variables other than age and sex. We used the Canadian Institute for Health Information Discharge Abstract Database and National Ambulatory Care Reporting System Database to identify hospitalizations and emergency department visits for fractures, falls, and other medical conditions. By law in Ontario, all hospital and emergency department visits are recorded in these databases, ensuring complete capture of events. We used the Ontario Health Insurance Plan (physician claims) database to identify outpatient physician visits and procedures, the Registered Persons Database to identify deaths, the 2010 Canada Census to provide information on median neighborhood income, and the Ontario Drug Benefits database to identify medication claims for patients aged over 65 years. These databases are validated and used routinely for research. 17 Outcomes. The primary outcome was a low-trauma fracture that occurred within 24 months of the index stroke/TIA, defined as any fracture of the femur, forearm, humerus, pelvis, or vertebrae, excluding fractures that occurred as a result of trauma, motor vehicle accidents, falls from a height, or in people with active cancer. As a secondary analysis, we evaluated the occurrence of falls resulting in a hospital or physician visit within 24 months of the index stroke/TIA. We identified fractures and falls through the administrative databases listed above, using diagnostic and procedural codes and validated algorithms (table e-1 at Neurology.org).
Confounding variables. Factors that may affect fracture risk independent of stroke include age, sex, previous fractures and medical conditions, and medication use associated with either an increased or decreased risk of fractures. 18, 19 Stroke-specific risk factors for fractures include hemiplegia/hemiparesis, visual impairment, stroke type and severity, and functional status after stroke. 20, 21 We identified these variables through either the registry database or through linkages to administrative data; validated algorithms were available for some but not all diagnoses (table e-1).
Analysis. We compared baseline characteristics of patients with stroke and those with TIA, using t tests for continuous variables and x 2 tests for categorical variables. We then compared the incidence of fractures as a function of time in those with stroke vs those with TIA, using cumulative incidence functions to account for the competing risk of death, and with censoring of TIA patients at the time of any subsequent stroke. 22 Since there may be differences in baseline risk factors for fractures between patients with stroke and TIA, we used inverse probability of treatment weighting using the propensity score to account for confounding due to measured baseline covariates. 23 In the sample weighted by the stabilized weights, we computed standardized differences to assess the balance of measured baseline covariates between treatment groups. 24 We then used Cox proportional hazard models to estimate the effect of stroke on the causespecific hazard of fractures, using the stabilized weights to adjust for confounding. 25 We did not adjust for stroke-related factors such as stroke severity or weakness, as these were presumed to be in the causal pathway for poststroke fractures. We also did not adjust for medications in the primary analysis, because of the potential for confounding by indication (for example, use of osteoporosis medications in those at increased risk of fractures). However, in secondary analyses limited to patients aged over 65 years, we adjusted for the use of corticosteroids and other medications potentially associated with fracture risk (table e-1).
We then compared the rate of fractures in those with stroke with age-/sex-matched controls without stroke or TIA. We used Cox proportional hazard models to estimate the effect of stroke on the cause-specific hazard of fractures with adjustment for comorbid conditions (dementia, prior falls, arthritis, kidney disease, osteoporosis, hyperparathyroidism, Parkinson disease, prior fractures), with robust standard errors to account for clustering in matched pairs. We also used cumulative incidence functions to estimate the incidence of fractures over time after accounting for death as a competing risk.
In the cohort of patients with stroke, we used Cox proportional hazards regression to estimate the effect of the following variables on the cause-specific hazard of fractures: age (categorized as ,65, 65-74, and $75 years); sex; stroke type (ischemic or hemorrhagic); stroke severity based on the Canadian Neurological Scale score and categorized as mild ($8), moderate (5-8), or severe (# 4); residence in a long-term care facility; prior fractures; falls in the 2 years prior to the index event; stroke unit admission; Table 1 Baseline characteristics of patients with stroke or TIA seen in the emergency department or admitted to the hospital and discharged alive from July 1, 2003 Standard protocol approvals, registrations, and patient consents. Data collection for the registry is done without patient consent, since ICES is named as a prescribed entity under provincial privacy legislation. The study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board.
RESULTS
The study sample consisted of 34,991 patients, 23,751 of whom had stroke and 11,240 had a TIA. Baseline characteristics of participants are shown in table 1. After using the inverse probability of treatment weights derived from the propensity score to balance baseline characteristics of patients with stroke and those with TIA, the weighted standardized differences for baseline covariates were all ,0.10, suggesting good balance between the groups (table e-2, a and b).
The crude incidence of low-trauma fracture within 2 years of the index event was higher in those with stroke than in those with TIA (5.7% vs 4.8%, p , 0.001). This difference persisted even after using propensity score methods to account for differences in baseline factors (adjusted hazard ratio [ Values are n (%). Fall 5 fall resulting in physician or emergency department visit or hospitalization; low-trauma fracture 5 emergency department visit, hospitalization, or physician visit for fracture of femur, humerus, vertebrae, forearm, or pelvis, excluding fractures occurring as a result of trauma, motor vehicle accidents, falls from height, or in people with active cancer. a For the stroke-TIA comparison, cause-specific hazard ratios were estimated using Cox models in the sample weighted using the stabilized inverse probability of treatment weights. For the stroke age-/sex-matched control comparison, cause-specific hazard ratios were estimated using Cox models with robust standard errors to account for clustering in matched pairs, and with adjustment for comorbid conditions. of osteoporosis (aHR 1.35; 95% CI 1.18-1.55), prior falls (aHR 1.38; 95% CI 1.21-1.57), and fractures prior to the index stroke (aHR 2.31; 95% CI 1.98-2.70) (table 3) . Stroke type, thrombolysis administration, and stroke unit care were not associated with fracture risk. Motor weakness, disability at discharge, and discharge destination were all associated with fractures in the univariable analyses, but were not included in the final models due to colinearity with stroke severity. More than one quarter of those with a fall following stroke also experienced a fracture (table 3) . DISCUSSION We found that the rate of a lowtrauma fracture was 32% higher in patients with stroke than in those with TIA, and 47% higher than in age-/sex-matched controls. Fractures are important because they are associated with mortality and morbidity, including hospitalizations, reduced mobility, admission to long-term care facilities, and chronic pain. [26] [27] [28] Fractures following stroke may have a particularly poor prognosis; individuals with prior stroke appear more likely to require rehabilitation and to have poorer mobility following fracture compared to those without stroke. 29 Although the absolute risk of poststroke fractures in our study was relatively modest at 5.7% over 2 years, and with only a 0.9% increase over the fracture risk seen in those with TIA, the number of excess fractures attributable to stroke becomes substantial when applied to the more than 10 million people who experience stroke worldwide each year. 30 Our findings are consistent with previous studies that have estimated the fracture risk in the year following stroke at between 3% and 10%, with the majority of fractures occurring at the hip, and with rates of hip fracture after stroke 1.4-4 times those seen in healthy controls. 7, 9, [11] [12] [13] 31 Our study adds to this literature by quantifying the risk associated with stroke compared to a well-matched population with TIA, permitting ascertainment of the fracture risk most directly attributable to the stroke itself rather than to differences in other baseline factors. One prior study found no difference in the risk of fractures after stroke vs after TIA; however, its sample size of 642 may have been underpowered to detect small differences in risk. 11 The increased risk of fractures following stroke is hypothesized to be related to both poststroke declines in bone mineral density and to an increased risk of falls. Bone loss after stroke preferentially affects the paretic extremity and is presumed to be primarily due to reduced mobility leading to decreased skeletal loading and increased osteoclast-mediated bone resorption. 5, 10, 32, 33 Longitudinal studies suggest an approximate 12%-17% decline in bone mineral density at the paretic extremities at 1 year poststroke, Table 3 Predictors of low-trauma fracture in the cohort of patients with stroke (n 5 23,751) with either no change or an increase in bone mineral density in the nonparetic extremities. 3, 12 There appears to be a correlation between functional status and changes in bone mineral density after stroke, with lower mobility associated with greater declines in bone density. 4, 5, [34] [35] [36] Poststroke falls, which typically occur at times of transfer or during mobilization, may be particularly likely to result in injury or fractures as they tend to occur toward the hemiparetic side, where the bone mineral density may be lower and where the ipsilateral arm may be unable to break the fall. 6 Consistent with this, we found that fractures occurred in more than one quarter of those with falls in the 2 years after stroke. We also found that people with weakness and with residual disability at discharge were at increased risk of fractures, as were those with moderate strokes compared to those with mild strokes (who may have less bone loss and lower falls risk) and to those with severe strokes (who may have fewer falls due to greatly reduced mobility and fewer transfers). Interestingly, we found similar overall prestroke and poststroke fall rates in those with stroke and TIA, suggesting that factors other than stroke-related neurologic deficits account for some of the increased falls risk in those with cerebrovascular disease compared to the general population. Falls risk is not routinely included in osteoporosis treatment algorithms, 37 and this is something that could be addressed in future iterations of such tools. Other factors associated with poststroke fractures in our study cohort were older age, female sex, prior fractures, rheumatoid arthritis, and hyperparathyroidism, factors that are associated with osteoporosis and fractures in the general population and that are included in current fracture risk prediction scores. 18, 37 Current osteoporosis clinical practice guidelines recommend screening with bone mineral density testing in those aged over 65 years and in younger people with specific risk factors for bone loss or fractures, followed by individualized fracture risk assessment and treatment. 18, 19 Our findings suggest that bone mineral density testing should be considered in people with recent stroke, particularly those with additional risk factors for fractures, with the aim of initiating treatment in those at moderate to high risk of future fractures. Additional research is needed to determine if current fracture risk stratification systems are adequate for identifying treatment thresholds in people with stroke, or whether a recent stroke warrants osteoporosis therapy even in the absence of low bone mineral density or other fracture risk factors. Identification and management of falls risk is likely to be of particular importance in the prevention of poststroke fractures, 6 and weight-bearing exercise protocols may help maintain bone mineral density. 35, 38 Bisphosphonates appear to reduce the risk of fractures after stroke 39, 40 and it is likely that other antiresorptive and anabolic agents currently approved for osteoporosis therapy in the general population would also be effective in those with stroke.
Our study has some limitations. We were only able to identify fractures resulting in hospital or physician visits, and therefore will have underestimated fracture incidence, particular for vertebral fractures, which are frequently asymptomatic. Similarly, we only identified falls resulting in physician assessment; this selective identification of particularly injurious falls could have resulted in overestimates of the association between falls and fractures. Comorbid conditions such as dementia are likely to have been undercoded in our administrative databases, potentially leading to either overestimates or underestimates of the association between such variables and the risk of fractures. We did not have information on bone mineral density, and therefore could not assess rates of bone loss after stroke or the association between bone mineral density and fracture risk in our study cohort; we also could not determine whether fractures occurred preferentially in paretic extremities. We did not have information on some risk factors for osteoporosis, such as low body mass index and vitamin D deficiency, or on prognostic variables such as results of formal fall risk assessments. Finally, despite our choice of a well-matched TIA control population and additional matching using propensity score methods, there is the risk of residual confounding due to imbalances in baseline variables, and the inability to balance unmeasured confounders such as frailty. Despite these limitations, our results from a large, population-based sample of patients with detailed information on stroke characteristics and with complete follow-up through administrative data are likely to provide valid data on the risks of fractures after stroke.
The results of this study suggest that low-trauma fractures are a frequent and clinically important complication of stroke. Future work should focus on increasing awareness of the risk of fractures after stroke and on identifying individuals who might benefit from targeted screening and treatment for fracture prevention. 
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